Understanding how habitat type and deterioration may affect parasitism is important to assess human-induced environmental change effects on host-parasite dynamics. In this study, we examined inter-population differences in parasites load in a Mediterranean lizard, Psammodromus algirus (Linnaeus, 1758). We analyzed prevalence and intensity of infection by blood parasites and ectoparasites in two populations separated by a 400-m elevational gradient and with different habitat types that also differed in the degree of human alteration. We also compared data obtained in the same populations after ten years lapsed to assess whether there have been temporary changes in parasites load. Results showed that prevalence and intensity of blood parasites were higher in the deteriorated lowland holm oak forest population than in the well preserved upland oak forest. In contrast, the prevalence and intensity of infection by Ixodes ticks was higher in the upland oak forest population. Individuals from the lowland population were in poorer condition.
interactions, more studies examining the influence of different habitats on host-parasite interactions are needed to clarify the effects on the underlying mechanisms (but see (McKenzie 2007, Budria and Candolin 2014) . In this regard, it is crucial to understand how differences in habitat conditions shape parasitism to predict consequences of environmental changes on species interactions, including parasitism and ecosystem functioning (May 1983, Thomas et al. 2005 , Hudson et al. 2006 ) .
Reptiles are a key component in ecosystems, as they are both predators and prey of other animals (Heatwole and Taylor 1987) . Given that reptiles are closely linked to their breeding habitats because of their limited mobility, they are particularly sensitive to habitat local features. Thus, populations of reptiles are a suitable group to study the influence of habitat and environmental differences on parasitism rates (Heatwole and Taylor 1987, Smith and Ballinger 2001) . On the other hand, reptiles show a diversity of responses following complex specific interactions with habitat and environmental attributes as well as with other organisms. Many parasites are known to infect various species of reptiles (Mitchell and Baker 2007) , although it is necessary to study whether different populations of the same species are differentially affected. It has been shown that in Psammodromus algirus (Linnaeus, 1758) lizards, parasite load affects sexual selection, since females could recognize healthy males by chemical signals that are modified by parasites (Martín et al. 2007 ). It has also been suggested that, in this species, ectoparasites constrain the expression of sexual visual ornaments and change the signal properties that convey useful information about the quality of their hosts (Llanos-Garrido et al. 2017 ). In addition, it is also important D r a f t 6 to analyze the prevalence and intensity in different habitats of some important parasites such as blood parasites (Amo et al. 2004 , Amo et al. 2005 or ectoparasites (Chilton and Bull 1993) because habitat effects on parasite transmission are hindered by the tremendous diversity of the parasites, host, vectors and landscapes in which they are transmitted (Sehgal and Ravinder 2015) . Habitat deterioration affected anti-predatory behaviour, health condition and blood parasite load of female P. algirus lizards (Amo et al. 2007a) . Also parasite load of Podarcis muralis (Laurenti, 1768) lizards was significantly higher in urban environments (Lazić et al. 2017) .
In this work we aimed to examine inter-habitat differences in parasite load in a Mediterranean free living lizard (P. algirus). We have studied prevalence and intensity of infection by blood parasites and ectoparasites in two populations of P. algirus lizards separated by a 400-m elevational gradient and inhabiting different habitat types that also differed in the degree of human alteration. Besides, and given that environmental changes may influence host-parasite interactions (Budria and Candolin 2014), we compared data obtained in 2016 with data from previous years (2005 and 2006) from the same populations to assess if there have been temporary changes in parasites prevalence and infection. We hypothesized that the prevalence and intensity of infection by blood parasites and ectoparasites should be affected by the type of habitat. We sought to determine whether the intensity of infection by parasites was more associated with differences in characteristics of habitats rather than with other factors (sex, host body condition and temporal variation).
Material and Methods

D r a f t
Study species and study areas
Psammodromus algirus (Linnaeus, 1758) is a medium-sized (snout-vent length 60-90 mm; mass 6-16 g) heliothermic, insectivorous lacertid that inhabits shrub and woodland habitats of the Iberian Peninsula. In central Spain, its elevational range is approximately 450-1400 m. Hibernation takes place from October through February and courtship and egg-laying occur between April and June. The species presents inter-population differences in ectoparasite load (Salvador et al. 1996 , Llanos-Garrido et al. 2017 ). pyrenaica trees, with scattered dispersed subarboreal perennial shrubs. Of these shrubs, Cistus laurifolius L. was dominant, whereas Rosa pouzini Tratt., Rubus ulmifolius Schott., Genista florida L., Crataegus monogyna Jacq. and Cytisus scoparius L. were less frequent.
Oak-leaf litter is abundant on the ground year-round. This study area (hereafter "Navacerrada") had a low human perturbation degree, since its main use is as extensive livestock grazing during spring. The second site (1.7 Ha) is located in Colmenar Viejo 
Lizard sampling and quantification of parasites
We captured adult individuals of both sexes by noosing during sunny days from April to June between 10 a.m. and 1 p.m., coinciding with the maximum activity times of P. algirus (Carretero and Llorente 1997, Pérez-Quintero 2001) . Immediately after capture, we weighed lizards, measured snout-vent length (SVL) and noted the number of ticks observed that were fixed on their body, usually in skin pockets (Salvador et al. 1996 , Salvador et al. 1999 . Capture points of each captured lizards were georeferenced by GPS.
Lizards were temporary marked with paint pens to prevent recaptures and released after taking blood samples (see below) at the exact location point of capture. Both the trapping method and the sampling effort were similar in both populations and in all the study years.
To assess blood parasite load, we made a smear on a microscope slide of blood taken from the postorbital sinus by using one 9 ml heparinized haematocrit tube. Blood smears were air-dried, fixed in absolute methanol for 10 min, and then stained in Giemsa D r a f t 9 diluted 1:9 with phosphate buffer (pH 7.2) for 40 min before the smears were examined for parasites. We scanned entirely at 200X magnification one longitudinal half of the smear, randomly chosen, to look for extra-erythrocytic protozoa (Merino and Potti 1995, Amo et al. 2004 ). The number of intra-erythrocytic parasites was estimated, at 400X magnification, by counting the number of parasites per 2000 erythrocytes.
Statistical analyses
We calculated body condition as the residuals from the regression of log body mass (g) on log SVL. When the relationship between these variables is linear, this measure is often used as an index of the relative amount of fat stored, and hence of nutritional status (reviewed in Green (2001) . This index has successfully been used to investigate the effects of differences in habitat quality in lizards (Amo et al. 2007b ).
To test whether individuals from the different populations differed in morphology and body condition, we used one-way ANOVAs with population as a fixed factor. We checked the residuals of all models to ensure that they met the assumption of normality, and, when necessary, we log-or arcsine-transformed the variables. To determine prevalence of blood parasites and ticks in each population we used Fisher's Exact Tests.
We studied blood parasites and ectoparasites as separated variables as there is not a clear relationship between both (Telford 2016 , Megía-Palma et al. 2018 . We analyzed factors affecting the intensity of infection by blood parasites with Generalized Linear Models (GLM) with negative binomial error structure to account for the aggregate distribution of parasites within host populations (Shaw et al. 1998) . The response variable D r a f t was the number of intra-erythrocytic parasites. We explored the effects on the response variable of the following predictors: population (two-level categorical variable), year (three-level categorical variable), sex (two-level categorical variable) and body condition (continuous variable) and the two-way interactions between body condition and population, and between population and year. The selection of these explanatory variables was based on a priori knowledge of the study species and the scientific literature to avoid a blind data dredging approach to model development (Burnham et al. 2011, Dochtermann and Jenkins 2011) . Thus, population represents the habitat type where each population inhabits including the differences in vegetation cover, altitude, climatic conditions and degree of habitat degradation. Habitat type has been previously showed that can influences parasite load (Badyaev 1997 , Amo et al. 2007b , Sehgal and Ravinder 2015 . Year was included in the model since environmental conditions might have changed in 10 years and might explain the temporary changes in parasite load. Sex was included in the models because previous studies have showed the influence of sex in parasite load (Folstad and Karter 1992, Salvador et al. 1996) . Body condition was included in the models because previous studies have demonstrated that individuals with poorer body condition will allocate fewer resources to immune response and defence against parasites (Cooper et al. 1985, Smallridge and Bull 2000) . Finally, we included the two-way interaction between body condition and population in models because body condition might be influenced by habitat type (Amo et al. 2004 ). We also included in the model the two-way interaction between population and year because habitat conditions might have changed in the last 10 years.
To examine the intensity of infection by ectoparasites, we ran a separate GLM with negative binomial error structure on the subset of animals collected in the upland oak D r a f t population of Navacerrada, since ectoparasites prevalence in the holm oak site was very low. The response variable was the number of ticks. As explanatory variables we used body condition, sex and year, and the interaction between sex and year. We included this interaction to examine if the intensity of infection by ticks in each sex differed among years.
We examined multicollinearity between explanatory variables with Pearson pairwise correlations and with the variance inflation factor (VIF) to avoid including highly 
Blood parasites
We did not find extra-erythrocytic parasites in any of these populations. However, in both populations we found intra-erythrocytic protozoa that were tentatively assigned to the genus Schellackia sp due to their morphological characteristics (Megía-Palma et al. 2018 ). The prevalence of infection by intra-erythrocytic parasites was significantly higher in Colmenar (90.3%, infected/non-infected: 56/6) than in Navacerrada (48.3%, infected/non-infected: 29/31; Fisher's exact test P<0.001).
Combining both populations, the number of intra-erythrocytic parasites per 2000 erythrocytes ranged from 0 to 13 parasites (mean ± SE = 2.4 ± 0.2 parasites/2000 erythrocytes). Our global model explained around 46.47% of the variation in the data and significantly fitted the data (LR test: χ 2 = 81.01, P< 0.0001). Minimum selected models (ΔAIC<2) showed that the intensity of infection by blood parasites in P. algirus was affected by all accounted variables. However, the best two models only showed significant effects of population, year, and body condition while the effects of sex and the interactions were not significant (Table 1) . On average, lizards from Colmenar had higher intraerythrocytic parasite abundance than those from Navacerrada (Fig. 1) . We found significant differences between the two populations in blood parasite load (Colmenar: mean ± SE = 4.9 ± 0.3 parasites/2000 erythrocytes, Navacerrada: mean ± SE = 0.9 ± 0.3 parasites/2000 erythrocytes) (Table 2; Fig.1 ). We also found significant differences among the study years, (Table 2 ; Fig.1 ). However, we did not find significant differences between sexes (males: mean ± SE = 2.6 ± 0.2 parasites/2000 erythrocytes; females: mean ± SE = 2.8 ± 0.3 parasites/2000 erythrocytes; Table 2 ; Fig.1 ). We did not find significant effects of the covariate body condition, nor of the interactions body condition*population and year * population (Table 2 ; Fig.1 ).
Ectoparasites
We only found nymph ticks that were tentatively assigned to the genus Ixodes due to their morphological characteristics. The prevalence of infestation was significantly lower in Colmenar (1.6%, infected/non-infected/: 1/61) than in Navacerrada (91.6%, infected/non-infected: 54/6; Fisher's exact test P<0.001).
Considering only the Navacerrada population, intensity of infection by nymph ticks ranged from 0 to 58 (mean ± SE = 11.8±1.7 ticks/lizard). The global model explained around 48.51 % of the variation in the data and significantly fitted the data (LR test: χ 2 = 43.41, P< 0.0001). The model including body condition, sex and year was the only model selected (ΔAIC<2). Therefore, no effect of the interaction between sex and year on tick load was found (Table 3) . In this population, we found significant differences between sexes in tick load (males: mean ± SE = 16.9 ± 1.7 ticks/lizard; females: mean ± SE=4.2 ± 2.6 ticks/lizard) (Table 4; Fig.2 ). We also found significant differences among years, Table 4 ; Fig.2 ). Tick load was also positively affected by body condition (Table 4) .
Discussion
Overall, our results first showed that prevalence and intensity of blood parasites was higher in the P. algirus population located in the deteriorated lowland holm oak forest (Colmenar) than in the well preserved upland oak forest (Navacerrada). Lizards from Colmenar were also smaller and had lower body condition than those from Navacerrada in spite that they are not genetically different (Díaz et al. 2017 ). These differences may be determined by the type of habitat where each population inhabits. However, given that the study areas differed not only in vegetation type and cover, but also in altitude, habitat alteration and climatic conditions, the factors that explained such differences cannot be disentangled. Nevertheless, we can discuss how the different environmental variables might affect parasite load.
On the one hand, our studied populations are located at different altitudes, and it is generally accepted that parasite abundance decreases with elevation (Badyaev 1997).
However, little evidence supports this assumption. The pattern found in our study regarding elevation was opposed for blood parasites and ectoparasites. Prevalence and intensity of hemoparasites was higher in the lowland population. This finding contrasts with other studies reporting an increase in hemoparasite infection with elevation in the eastern genetic lineage of P. algirus (Álvarez-Ruiz et al. 2018 ), but it is consistent with other studies reporting a decrease in hemoparasite infection with elevation in birds (Zamora-Vilchis et al. Niebuhr et al. 2016) . In contrast, regarding ectoparasites, we found that prevalence of ticks was higher in the upland population, being anecdotic the presence of ticks in the lowland population, as it has been previously described in the same species and region (Llanos-Garrido et al. 2017) . However, other studies have reported a decrease in tick abundance with elevation in the eastern genetic lineage of P. algirus (Álvarez-Ruiz et al. 2018 ). Therefore, our findings suggest that patterns of elevational variation of parasitism may be more complex and be also explained by other habitat factors that show elevational variation, rather than just by the altitude per se.
On the other hand, although we have not presented direct measurements of habitat degradation in this research, we considered that the lowland holm oak forest (Colmenar) was clearly a more disturbed habitat given that its vegetation cover is reduced and fragmented, and lizards are exposed to higher human presence and air pollution. Thus, the higher blood parasite load in this habitat would suggest that habitat degradation could have a negative effect on lizards, increasing intensity of infection by intraerythrocytic parasites (see (Amo et al. 2007a) . Moreover, the lower body condition of lizards in the Colmenar population could also be a consequence of a poor habitat quality and can reveal environmental stressors affecting at the population level (Johnson et al. 2007 , Ellis et al. 2012 . Therefore, future studies should consider habitat degradation, climate change or pollution in relation to parasite dynamics in a rapidly changing world. Monitoring these stressors at different spatial and temporal resolution is likely to be of considerable help in improving our understanding of how parasite-host interactions will change in the future.
The best selected models showed that intensity of blood parasites in P. algirus was also affected by body condition of the individuals (although its effect was not as strong as D r a f t population or year). Previous studies have demonstrated that individuals with poorer body condition will allocate fewer resources to immune response and defence against haemoparasites (Cooper et al. 1985, Smallridge and Bull 2000) , but also higher intensity of infection by haemoparasites may have a negative effect on the body condition (Amo et al. 2004 ). Degraded habitats would have reduced vegetation complexity and altered vegetation structure and composition, and thus could influence predator and prey abundances, and their interaction (Tylianakis et al. 2007 , Bukovinszky et al. 2008 . Therefore, lizards inhabiting degraded habitats might incur higher predation risk (Pérez-Tris et al. 2004 , Amo et al. 2006 , 2007a and have lower diversity of prey (Zeng et al. 2014) , which would directly affect their body condition.
In contrast to blood parasites, regarding ectoparasites load, the prevalence of infection by Ixodes ticks was very low, almost anecdotic, in the Colmenar population while in the Navacerrada population, prevalence and intensity of infection by ticks was very high.
Ticks have been considered one of the possible vectors of blood parasites (Amo et al.
2007a) but our results did not support it. Other haematophagous invertebrates (i.e., mites, dipteran or hirudinean species) can act as passive vectors when infested blood cells are ingested by them (Upton 2000) . Also in saurian hosts, the transmission could be accomplished by predation of infected invertebrates (Telford 2016) . The finding of more ticks in Navacerrada than in Colmenar could be explained because prevalence and intensity of certain arthropods parasites might be determined, among other factors, if certain types of habitats provide more suitable microhabitats and microclimatic conditions for them. In the Colmenar population, the litter substrate is very scarce compared to Navacerrada, which has a negative influence on tick presence (Chilton and Bull 1993) . Previous studies have D r a f t also shown that at low-elevation, P. algirus lizards were free of Ixodes sp. tick nymphs while at high-elevation, tick load was high (Llanos-Garrido et al. 2017) . The reason why only high elevation lizards were parasitized by ticks, despite ticks being also present at lowelevation (one individual infected in our sample), remains unknown. This difference might also be related to differences in the availability of alternative intermediate hosts (Casher et al. 2002) or habitat type (Gray 1998 , Jaenson et al. 2009 ). Tick abundance may vary strongly between different habitat types (Gray 1998 , Jaenson et al. 2009 ), but deciduous forests, especially those harbouring significant numbers of ungulates (roe deer, wild pig and cows are present at Navacerrada study area), are generally considered to be ideal habitats for Ixodes sp (Tack et al. 2012 ). However, Llanos-Garrido et al. (2017) did not find ticks in P algirus individuals inhabiting a holm oak forest with abundance of ungulates, so we may consider the possibility that the lower prevalence of ticks in lizards inhabiting lowland holm oak forests could be determined by the presence other intermediate hosts instead
lizards.
We also found that males had more ticks nymphs than females as it has been reported in other lizards (Brace et al. 2015 , Reedy et al. 2016 . This may be due to male lizards having more movement rates than females and, therefore, males probably have more chances of contact with ticks (Díaz 1993). Other alternative explanation might be related with the immunocompetence handicap, i.e., the higher parasite loads in males than in females could be explained by the effects of testosterone which increases activity and compromises immunocompetence (Folstad and Karter 1992, Salvador et al. 1996) .
Another interesting result is that the intensity of infection by blood parasites and Our results suggest that inter-population differences in parasite load may be explained by differences in habitat type where populations inhabit. Human habitat alterations might also have an effect on parasite load. This study has allowed us to increase the knowledge of the host-parasite interactions in this lizard species, as it contributes to identify which ecosystems and habitats are most sensitive to prevalence and intensity of infection by parasites. However, further research is needed to get a better knowledge of the role of different factors associated with habitat type and about the temporal dynamics of hostparasites interactions in the current global change context, which will provide the basis to evaluate future changes in biotic interactions. Comprehension of global changes effects over biotic interactions is essential to forecast how ecosystems will respond to the fast rates of current environmental changes. 
